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MICHAEL CASTAGNA 

INTRODUCTION 

In recent yea r there has been an 
increased interest in the development 
of marine aq uaculture or mariculture . 
Techniques for growi ng man y tradi
ti o nal specie, uch as oys ters and 
quah og, have bee n developed , and 
considerable effo rt has also been 
made to test the feasibility of cultur
in g new. less traditional species (Loos
anofr and Dav is, 1963; J versen, 1968; 
McN eil , 1970; Pri ce and Mau rer, 
1971 ; and Milne , 1972). This paper 
revi ews the natural hi sto ry of th e bay 
callop. Argopeclell irradaialls Lam

arck , and pre en ts a review of the 
Virgini a In titute of Marine Science 's 
(V IMS) contin uin g re ea rch on thi 
specie which began in 1968. 

The bay ca ll op has evera l char
acteri tic well uited for mariculture . 
It is fa t gr wing. ea y to condition 
a nd pawn. and i relativel y hardy 
througho ut a ll life hi tory tage. 

10 t important . it ha a good market 
demand and command high price . 
M an perie a re biologi a ll y amen
ab le to mariculture. but e<!o nomic 
dictat e the u e of gourmet species 
which command hi gh price to defray 
hi gh co t of cu lture. 

Onl addu t r mu cles f scall o ps 
are utili zed . Yield var . but approxi
mately 1-1' -I bu of call op produ e 
I gal (9 Ib) of add uct r mu I . The 
price f huded call p ro e to 3 
per gal (for addu tor mu cI ) in 1973. 

r er 4 .20 per Ib , ertainly qu alify-
ing ca ll ops as a gourmet food . 

t ili za ti on of hell and \ i e ra 
wou ld not -ignificantly h ange th e 
pri t: or the demand . mechanical 

Bay ec.llopi (Argop<lcten irradlans). top photo . grew 'rom 16 to 57 mm .n I I.. pen I" 
A ... teague Channel Irom 9 July to 24 November 1970 Shucked lo •• r photo 2H of the •• "". lIopt 
yielded approximately 1 qt adductor mUlcle . 
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Scallop. ahowlng de •• loplng goned 

hucklng and e\1 cerallng machine 
de\ell)ped for the cal ico ~callnp fi\hen 
along the ~outhea~t coa t 01 the nlled 

tate could be u. ed on ba~ 'l.all,)p\ 
(Webb and homa~, 1'17 I) Thl~ 

~ould markedl~ reduce manpl)VVer 

and cost problems as oClated ~lIh hand 
shucking. 

Ba} ,>callop~ retain the abilll) t I 
~WI m at all ~Ize~, making It nece!>'>an 
to confine them In ultahle enclo ure\ 
Although thl~ neCeSSIl} Increa,e e:\
pense. It IS parllall) compen ated h~ 

redUCing the co~t of hane'ling e\
penses. 

NATURAL HISTORY 

The natural hl~tor) f the ~pecle., 

ha~ been de cnbed b) Belding (1910)' 
Wells (19'27). Gut ell (1930)' Loo
anoff and Davi (1963>. Sa try (1965). 
and Ca'>tagna and Duggan (197 II 
Ba) callop In the nlllJ-Atlantlc area 
~pawn from mld-Aprtl through early 
September (Chan Ie) and Andrews. 
1971) Spawning in e~ f:.ngland 
occurs when water temperatures reach 
22-26 C <Belding. 1910) Although 
the scallops are hermaphroditic. self
fertIlizatIOn IS uncommon In nature 
(Belding. 1910; Gutsell, 1930). The, 

u,>uall) reka e 'perm IIr t Il)lIll\\ed 
h\ egg' rLno .1 Ill) I I .lI1d Ddll' , IlIh'\). 
Ilhl'h enl.l)Uragl.' Lfll,,-il.nililatll)n . 

f-ertlhled egg' dell:1l)p Intl' tr,lIght
hinge \e1lger, in .1 1\:\1 hl)ur" and the 
Ian ae arc planktl)nlC I,)r ahllut .-
day,> onger lanai pallId, are Cl)m
mon v. hen en\ I fl)nment ,II cl)ndll il)n, 

arc Ie'>' than optimum he Il1tal 
length 01 the ,>tralght-hlnge tage 
rangeh from 5 /-l minimum II) 140 
/-l ma\lmUI11 (e han Ie) and ndn!\I . 
1971 ) 

Juvenile auach h) h)"al thread, 
to eelgrass or other eplhenthlc ,>up
port. The} u,>uall) l11alntJln Juach
ment untIl 20- '\0 111m ,lie 1\ rca hed , 
after \I hlch most ,>callop'> drop to the 
boltom. lurine plants or other uit
able cover I qUite Important to ,>cal
lop mall allop,> (under 10 mm) 
do not survi ve lIell \I hen expo ed 
to silt B) auachlng to the leave or 
stem of submerged planh . the} gro~ 
large enough to sun I \ e the more 
ngorou e>'l~tence and greater e\po
sure to ilt on the bottom . Further, 
gras bed reduce curr nt velocltie . 
Work b, Kirby- mlth (1972) indi
cates that callop grow faster in 10\\ 
current. l aximum gro~ th rates 
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were achieved In I 'i cm/~ee. and a 
now volume 111 4 hler,/hr/,callop 

the ,Io~e'l l.urrenl Iclocille' le'll:d 
~L,III(lp, apparenll) retain Ihelr ahilllj 

10 lorlll h}"al ililachmeni Ihroughoul 
Ihelr Ille,. hUI an: 'eldom l(lund al
lached IIhen lull) gro~n. rhe) ilre 
acille "limmer, <II illl 'lie, anu ap
pilrl.T1II) u'>C lhi, ahtlll) III .IIUIU preu 

alllr, ,uch .1' 'larlI,h .lnd crilh, [)dl I' 
and \lar,h.i11 rllJhl). luu~lng Ihl. 
IIller feeding III h.1\ ,c.!II"p". Illunu 
iln .Ihundam:e !II henlhle anu I) ch
pel.ll!lC dlaillm In Ihe '1lIlllach . r he) 
ctln'ldereu I hI'> .In I ndl alltln I hill 
much til Ihe (lind I nHcrlltlnra. 

dclrltu" h.lclen..t • ..tnt.! orgilnlc nl.llter 
thai" CI)(lll1ll'n In the I\iller InlmeUI
,llel~ adlacenl III the notton! 

r hc ha\ ealillp ha, a relaillcl~ 

high PUfl1PIIl' rate. pf(lhilhl~ clIrre-
1,lIcJ \I Ilh II'> r.lpld rale 01 I!fl,\qh 
1 he i,\1 crilge r.lle IIIr mall callI p . 
'\ - 111111 In lenglh. Ila ~ 26 Ilia' 
hr I he larger c..tllop. h -0 - mm 
In lenglh. aleraged I .72 Iller /hr. 
1IIIh a mol lr11um rale \)1 2~. Iller' 
hr I hlpman anJ H"pktn . Il)q) 

The il\ef.l!!e IIle pan" ahl)ut 12-lh 
nw \11th .1 fell ,nJllldual uniling 
tll I 1111' and rareh e\ en Ill' n1\1 
r Belding. ILJ Ill) The ealll)p. 1\ plcal 

III anllll..tl \\lIh hort IIle c~ck. 

e hlhll great t1Ul:iU.llI)n 10 ilhun

U.lnl.L 

MATERIALS AND METHODS 

fhL pnl.LUUrl.'> ueJ h\ \1\1 
,cll.nl!'>t I)r l.OndllIl)ntng anJ ,p.l\\n

Ing Lallop' .lnd handltng lar\ ae \\ ere 
Imti.lr l\) Ihl)\e u cd hI LOl),anl)fI 

.lnd Dall' (IYo'\) ":1to 10., o!\pu\\ner 
1\ ere cl)lIe led Irom Ihe eu IU\. l)1 
c a,tern hore and Irom '-orth aro
hna callop, Ilere grOI\n In pen, and 
tloal hutil of pl<1l>tl \ reen Iretched 
oler \Iooden Irame~ \I ea urement 
of ~callop I\ere Irom hinge to hp 

'eallaler u eu 10 the laboralOr) 
~a pumped Irom an adJacenl creek 
h) ca~t-Iron pump II plpe~ and 
container ' \Iere pla~llc or gla The 
sea~aler u cd for Ian ae and carl) 
Juvemle, ~a~ Ian lied b) centri fuga
II)n In a harple I c1arilier. Type 
14. or a We\tfalla , eparator. louel 
KDD 605. he average salinit) for 

1 Reference to trade names does nOI impl) 
endor ement of commerCial producl by the 

allonal Manne Fi hene ervlce. OAA 



the experi mental area was 29.5 0/00 

with seasonal tempe ratures ranging 
from 3 to 28 °e. 

CONDITIONING 
FOR SPAWNING 

The sca ll ops were conditi oned by 
pl acin g th em in aerated sta ndin g sea
water a t temperatures of from IS to 
22 °C for 3-6 wk dependi ng on food, 
tempera tures, and the initial gonadal 
conditi o n of th e sca ll o p (Castagna 
a nd Duggan , 197 1). T he conditi on in g 
wa usua ll y done on sca ll ops taken 
from am bi ent -temperatu re eawate r . 
which dropped as low a 3°C in 
winte r . While held in standin g water. 
the sca ll ops were fed mixed a lgal 
cu ltures. The maturation of th e gonads 
cou ld be seen by ho ldin g the valves 
sli ghtl y open. The gonad is a tri
angu lar bu lbi sh organ lying a lo ng-

ide th e adducto r muscle . When rip e, 
it is u ua ll y a red-orange color (often 
covered by a black e pithelium). The 
testi s comprise th e white ant eri o r 
borde r of the gonad (Castagna and 
Duggan , 197 1). 

SPAWNING 

Spawning was accom pli shed by 
pl acing o ne or two ad ult call ops in 
a I-liter Pyrex conta in er Ailed with 
Altered eawater. A number of these 
containers were placed in a water 
table . By flood ing the water table 
with hot or cold water, the scall ops 
were ubjected to temperature change 
suffi cient to induce spawning. Tem
perature of 24-26 ° induced maxi 
mum pumping acti vity. T e mperatures 
were u ually ra ised to 30°C for a 
few minute and then dropped back 

Scallop In foreground (left) Is spawning . 
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to 24 ° . Spawning usuall y took p lace 
at 2S-26°e. 

A perm u pen 
or spawned) wa 
ti mulate call ops 

chemical timulant 

ion (either tripped 
added to further 

to pawn . Variou 
have been te ted 

with littl e or no succes . Both sex 
products are often re leased by th e 
ame scall op but usuall y not simul 

ta neously. 
After spawning the callop wa 

rem ved from the dish a nd the egg 
su pension wa poured through a 
screen , to remove dirt and fecal ma
terial ejected by the spawner , into a 
cali brated contai ner of A It ered sea
water . Eggs were counted by tirring 
the conten ts of the contain er and ub 
sampli ng everal I-ml ample. An 
estimate of th e number of eggs was 
made by averagi ng the count and 
mUltipl ying by the to ta l volume . 

FERTILIZATION 

Ferti li za tion was initiated by add
in g approximatel y 6 ml of perm u 
pension per li ter of egg sus pen ion . 
Fertilization wa nearl y 100 percent 
successful even when sperm and eggs 
from the same individual were used. 
The addition of too much sperm 
suspension can cause larval deform
ities, probabl y du e to polyspermy . 

DEVELOPMENT 

Survival and development were 
usuall y enha nced by holding develop
ing eggs above 20 °e. Optimum tem
perature for deve lopm ent appeared to 
be 26-2S °e. A minimum alinity of 
22 .5 0/00 was necessary for develop
ment to tra ight-hinge stage. At near
optimum temperature in 2S-30 % 0 sa
linity, the blastula stage was reached 
in a bout 4 hr . trochophore stage in 
8- 12 hr , a nd straight -hinge tage in 
16-24 hr . The embryonic tages pre
ceding th e stra ight -hinge tage were 
most vulnerable to env ironmental 
condi tions. but with proper mainte
nance approxi mately 60 percent ur
vi \ a l ca n be expected. Lan ae frol11 
se lf-fertilized eggs usually appeared 
normal in the F I generation ub
sequent generations often had Ian al 
deformitlcs and poor urvl\ al 

The larvae were grown III 60-llter 
plastic container. Three time a ~ce(,. 
the ~ater ~a \iphoned from the c 
containers through a fine n) Ion ... creen 



to retain lar ae. T he e were concen
trated in cal i brated eont ai n r. of fi 1-
tered eawater, ub ampled, and ount
ed by the ame procedure previousl 
de cribed. Mea urement of a small 
sample were ta"-en u ing an ocular 
micrometer, and the g neral condition 
of the larvac wa a certained. Th 
larvae "ere then redistri butcd to 
container of lean filtered eawater 
containing food and, if nece~~ary, 

antibi tic. 

LARVAL DENSITY AND 
LARVAL ENVIRONMENT 

arval den It), although not critical. 
inAuen ed the ucce of a gr up of 
larvae . Since labor and pace werc 
often in hort upply. it wa tempting 
to rowd as many lar ae into a fev. 
container as po ible . Thl practice 
increa~ed the number of failure, per
hap b increa ing chance of l.h ea e 
tran mi Ion or becau e of ompctltl n 
for food or pace . To avoid the e 
problem, culture were tartcd at 
maximum den itle of 40 egg per ml. 
A the lanae grew, their den Itle 
were reduced with each water change 
until den itie of 5 per ml were reached 
when larvae were ready to et. 

Aeration wa not nece ary for ur
vival at the den itie tated abo e. 
Gentle aeration enhanced growth rate 
and urvival of late larval tage~ but 
made little or no difference in mall 
or earl larvae . Since cal lop larvae 
et at a relatively mall ize, aeration 

wa not u ed routi nely. 

FOOD 

Several unicellular culture of ma
rine flagellate or diatom were tried 
as larval food with varying degree 
of ucce . In all trial, mixture of 
two or more specie worked better 
than one pecie . No artificia l food 
mixture wa found that gave com
parable re ult . 

Some succe ful specie u ed were 
MOllochrysi.1 /lIlheri, /sochrysis Ra/

halla, PhaeodaclY/lIIl/ tricorlllllllll/, 

DlIlIlI/iel/{/ lertio/ecl{/, and Nalloch

loris lIcli/ala. Even though food was 
added, the water wa changed periodi
call to cleanse culture of metabolic 
wa te and dead larvae. 

When rai ing large number of 
sca ll ops (or any other cultured fi lter 
feeder), the logistic of growi ng u f-

l 
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In top photo , a technician w8Ihe. acallop 
larvae into container tor counting and mea
suring . A technician grades scallop larvae 
in the lower photo . 

ficie nt uni cellul ar a lgae become a 
e rious pro bl em . An excell ent me th od 

of growing qu antiti e of food i th e 
solariu m metho d , often referred to 
a th e Gl ancy meth od . (J oseph Gl a ncy, 

ayvill e, N .Y . was th e bi o logi t re
pon ibl e fo r introducing thi me th od .) 

T his meth od con ists o f cl a rifyin g 
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and ho lding \cawatcr In acra ted vat .. 
III sunlight In a .. larlUm or grcen
h usc. The .. t red water develop,> a 
blo m of dlatom\ and nagc ll ate~ which 
can be u .. ed a~ fo d. 

hc grecnhou .. c mcth d was u\cd 
~uccc .. sfully at J M·. 'eawatcr was 
run through an A<:)-14 harplcs clari
fier, which "pln., thc water at 15,000 
rpm In an X-In dlamcter tube exerting 
13,200 ~ sscnllally a c1anncr 
scparate\ heavlcr particles b} centn
fugal force In\tead 01 gravlt} The 
clanried \eav"ater was then \t red In 
4 H 4-ft f1bcrgla sed pl}wo d 
tan"- .. In a \ larlUm and v.a., c ntlnu-

u.,l) gentl) aerated he clantied 
ea ater retains <,mall dlat ms, flag

ellate,>, and prolOLoan . HeaVier and 
larger form,>, In ludlng 100piankters 
and diatoms \\ IIh den e r hea\} te t , 
are left on the wall of the clan fier 
tube When tored in a larium, the 
water temperature In the large aerated 
ran"- nse.,. and the mall tliatom 
and na"-ed flagellate repr du e in a 
hlo m that e\l:ntuall} c lor the 
v"ater. eawater treated In thl manner 
wa referred t a cultured v.ater and 
v.a ued as a medIUm In which to 
gr v" lanae and earl} Ju\enile tage . 

o addlll nal [0 d v.a reqUired. The 
cultured water v"a normall) held 24 
hr before u e Thl v. uffi lent 
lime for a bl m t oc ur. If t red 
v"ater v"as not u ed in of hr, It \\ 

U uall} dl carded, Ince nev" cultured 
water re ulted In f ter grov. th and 
better ur"l\ al of the lanae. ertiliza
tion or in cula ti n wa not nece ar} 
t attain den e bloom of u eful 
f d organi m . 

Mixed v.ild a lgal culture that grov. 
in th i } tem (Glancy method) were 
better foo than any combination f 
unicel lu lar algae te ted. Growth and 
u rvi al were u ua ll y bett er th an In 

larvae fed un icellul ar culture. 

LARVAL DISEASES, 
PREDATORS, 
AND COMPETITORS 

Oi ea e. preda tor. a nd co mpeti 
to r w re contro ll ed by maint a inin g 
cl ean cond iti o ns. 0 ph y ica!. chemi-
ca l, o r pro ph ylax i treatment wa 
used routinely ex cept when wate r 
tempera ture were over 28°C. The n . 
wa te r wa subj ected to ultrav io let 



li ght trea tm e nt. This treatm e nt is re
viewed by Loosa no ff a nd Davi , 
( 1963) . 

The mo t commo n di sease pro b
le m wa bacill a ry necro i . Thi s was 
treated w ith tre pt o mycin (50 mg pe r 
lite r) o r w ith a wide pectrum a nti 
bi o ti c suc h a c hl o ro mycetin r po ly
cillin . a re wa ta ke n in e tim a tin g 
do age i nce a nti bi ti c o ft e n cau ed 
the la rva to to p f edin g for evera l 
d a ,and ve rd o es a u ed morta l
iti e 

Arthr p d 
la r a l culture 

ofte n a ppea red in th e 
. The e were contro ll ed 

with tetrae th y l p roph ph a te . Four 
dro p in 60 liter of culture wo uld 
u u a ll y kill a ll arthropod in Ie th an 
a n hou r. O bvio u Iy thi i a p ten t 
ch e mical a nd f1 0 ul d n t be u ed in 
di scrimina te l . Arthro pod we re al 0 
re moved b creen ing. Thi meth od 
wa preferred over hemi a l con trol. 

Protozoa n often appea red a a 
ympto lll of bacteria l cont amina t ion . 

The were L nt roll ed by red ucing th e 
num ber f bacteria wi th a n a nt ibi o tic . 

, a h\ a) , labor a nd space \, ere 
n id ered a in a commerciall)-

orien ted cul ture pra tice . Therefore, 
it ~\ a u~u a ll ~ more e '\ pedi nt to 
d i ard p or r i J... c ult ure a nd tart 
0\ er ra ther than attempting trea tment. 

SETTING 

etting teo J... pl ace tn 5- d a~~, 

depending on fl )IL tempe ra ture, a nd 
probabh l ther en\ iro nment a l a nd 

geneti c fac tor . T he m o bvi u 
indi cati o n of pat tage wa a tt ach 
me nt by by a l th read to th e cul ture 
conta in e r . The ea rl y juvenile h ave 
a well -de eloped foot ith a heel 
like b s a l gla nd . T he shell mea ure 
175 -200 J1 at metamo rp ho i ' (C ha n
ley a nd A ndrew , 197 1). Thi ~ period, 
whe n the ca ll op we re undergotng 
meta m rph o i , wa probably th e mo~ t 

crit ical. a nd fte n heavy m r t a liti e~ 

o curred . 
Through early m e ta mo rph i o r 

e ttin g , the call p "' e re J... ept In 
clari fi ed wa te r or in 10",l y fl o '" tn g 
raw eawa ter . t thi II m \ e rt i a l 
u rface f r a tt achm e nt we re pre
e n ted to the etting ca ll o p . Th e e 

were panel o f ood , m~ lar , o r fi ber-
gla tha t the juve ni le fa te ned t b) 
th e ir b u . Ju ve n il e a ppa re ntl y pre-

Scallops In grow ing conla,n.r 

ferre d \ cr ll eal urf.Jcl.! anu 111<' t 
"' e re:: I u nd clinging tl' Ihl.! lUI.! lIt Ih~ 

contain e r r the pand, -\ 11'1'U re
qUlre::menh Inaea I.!U , 1111\\ tng ra\\ 
ea~\ at e:: r \\ a, I ntr )UUI:I.!U \ I.! I ('I.: n 

o f ull a bl e 'lie \\3' pl ac~'u ,tt Ihe 
o \l.:rtl o \\ to re ta tn \call')r' that \\erl.! 

ucJ... ed Int ) t he "erll,\\ rlpl.! while 
\ Immin g . J U\ l.!n il e::, "'I.!rl.! hdu III 

thi s m a nn e r unlil th e \ reached 10-11 
mm ~1 7e, la rge enough to ,1.1\ In 1 I · 

in pi a II ~c ree n 

he n th e Ju \e nil e ,callop' "crt' 
mo \ ed tn to th e 11c lu. Ihl.!\ reqUiTed 
confineme nt to pre\enl Ihl.!T11 Inlfll 
wimmln g a\\ ay . \ anel\ 01 encl,, 
ure~ we re u,ed . Fi lla h anchl1red ,II 

the surface had 'I.!\ ere fou ling prnh-
le m "hl c h reJuced th e Illl\> .. III \\,lla . 
Addi lI o na l pro bl em or boa t \\ aJ...e, 
a nd \ a~e act io n . v .. a \hl ng thl.! "alll'r' 
a bc ut In th e nOa h a nd ) Iten caU'tng 
a co nce ntrati o n tn a corner \\ Ith 'llllll 
10 s Ju e to s ill o th e n ng. "ere ,iI", 
encount e reJ I-I oab p lal:l.!J lIn th l.! 
b u o m haJ fewer pft)blem, but th~' 

ca ll o p, Jldm t gnm well 
The mo~ t ~uCCe"f u l gfln\ I h ,If1U 

ur\J\ a l was In pen con,truet l.!J II I 
po le pl aced Into the:: bllllHll \\ tth 1 2 -

In mes h pi a ti C creen tal..J...I.!J al !lund 
th e ( ut"de 01 the poil! lhl' pl.! n 
\\ e re 10 ft 'q uare anJ 7 It hi gh T h l.! \ 
"' ere con ~t ru cteJ In ,halilm uhllu .i1 
a rea 

Ba~ ,ca ll o p, gftw. n In pl.!n, \h'rl.! 
brought to marJ...et ,III.! In - -7 Ill' 

F urth er . the adduct)r mu,cll..' \\ ," 
o n. lde::rabl) larger than In , c <JII I'p 

gro\\ n 111 float' Thl~ m a \ hI..' J ue tu 

J uvenile scallops lagged and r. ady 10 be r.I .... d 



the oppo rtunit y f ca ll p In pen 
to make ve rtica l wimming excur in . 
The size f th e adductor muscl e IS 
import ant in ce it is th e onl y pa rt o f 
the call op whi ch i o ld . 

A eri e f te t we re compl eted to 
a e th e be t depth t grow . cal lop . 
Li ttl e d iffe rence wa fo und be twee n 
de pth if foul ing. ilt ing. and wa hin g 
could be contro ll ed. Expe riment s were 
a l 0 run to fi nd th e maxim u m opti 
mum num be r of ca ll ops per unit 
a rea th a t ca n s urvive and grow. Op
timum growt h a nd un ival ere fo und 
a t 25 per sq ft of bottom a rea . H ow
ever. the data u ggest that 60-65 
ca ll op per q ft would be opti ma l 

ec nomica ll y. e en th ugh gr wth 
ra tes were Ie than opti m um (Dug
gan. 1973), 

PREDATORS 

Although m thering i defini te ly 
th main cause of dea th . th ere are 
ome enou predator . The rough 

oy ter drill E"plellra. ta r fi h , crab 
(e peciall y the blue crab. Cal/i/leCle~ 

sapid",) and vanou fi h pecie are 
known predator of lh i pecie. 0 

predator control meth d were u ed 
in these experiments. but th ey shoul d 
be considered In an) commercia l 
venture. 
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Crustacean Aquaculture in Middle America 

HAROLD H. WEBBER 

INTRODUCTION 

Th is paper is desig ned to in fo rm 
the reader regardi ng th e techni ca l 
and economic feas ibi lit y of e ta bli sh 
ing a profitable aq uaculture ve nture 
in certain pecific locati ons o n th e 
west coast of Cent ral A merica. 

T he recom menda ti o ns made he re 
arc pred icated on the fo ll owin g ba ic 
premises: 

I ) T he cont in u ing paucity of 
hi gh-va lue crustacean aqu afoods 

in the ex pandin g world marke t 
dem and th at new ource of up
pl y be deve loped . 

::!) An aqu acultura l productio n 
techn olo gy is maturin g which wil l 
enabl e us to ge ne rate large volume 
of shrimp at fa vo rabl e cost. 

3 ) The ri ks a nd rewards of a 
verti ca ll y integra ted aquafood en 
te rpri e have been eva lu ated . and 
th e bu ine s projecti o n revea l an 
adv antageous re tu rn o n investm ent. 
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MARKETS 

The re e i a m arket fo r high-
a lue cru ta cean aquaf d . includ

in g ma rin e and fre "hwater hrimp . 
lo b te r . and crab. which is now un
sati fied and i like l to rema in 
suppl y-constrained fo r the remainder 
of th e century. Thi i a consequence 
in pa rt of a n increa ing affluence in 
the highl y developed industrial 0-

cietie in the north te mpera le lati
tudes . T hi s elevated economic sta tus 



increase purcha ing power , a ll owing 
for an improved tandard of living 
and a w idened con ume r acceptance 
of les conventional and more expen-
ive food . Concomitant with th e 

increasing demand, the traditional 
hrimp trawling indu try ha ju t 

about exp loi ted the known wild popu
lations of shrimps and prawns of the 
world's ocea ns, a nd we are now 
approaching the maximum ustain 
able yield (C leary, 1970) obtainable 
from the wild re ource. Additiona l 
sig ni ficant supp Ji e , therefore . we pro
po e , mu t come from controll ed. 
farm -rai ed production . 

Dependence on the hunting and 
gat hering arts is subject to the natural 
vagaries in th e fluctuation of wi ld 
population, and thu the market 
for aq uafoods is often disturbed by 
oversupply or under uppl y . On the 
other hand. a deliberatel y cu ltured 
product lin e that is produced in ac
cordance with a reliabl e meas ure
ment of demand, and upplied into 
the market place on a continuous 
and scheduled regimen , can capture 
a signi ficant market percentage and 
growth. The opportunity to service 
the H R I (hotels, restaurants. and i n
stitution) market with contro ll ed 
portions in a large range of size 
and forms under trict qu alit y con
trol with preci e delivery chedu les 
can be most readily exploited by an 
aquafarming business uch as we are 
proposing here. M st ucce ful high 
wealth ge nerating food industri e 
owe their hort-term achievement 
to the end that e ential human needs 
are erved or human desire ar 
grati fied . In the long run, however, 
the economic succe will be in large 
part a consequence of the provi ion 

Harold H. Webber is the presi
dent of Groton Biolndustries 
Development Company , P.O. 
Box 517, Groton, MA 01450. 
This paper was originally p're
sen ted at the symposium Aqua
culture in the Americas held 
at the Inter-American Sci
entific Meeting , " Science and 
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sponsored by the American 
Association for the Advance
ment of Science (AAAS) and 
Consejo Nacional de Ciencia 
y Tecnologia (CONACYT), 
Mexico 18, D.F. , Mexico, 20 
June to 4 July 1973. 

of high-quality products with an 
assurance of continuity of uppl y. 
To accomp li sh thi goal at profitable 
economic level. a su tained high 
productivity must be realized which 
in turn will be the result of wi e 
management of the natural re ource 
from which the bioindustry generates 
the wea lth . 

Let us . then. first examine th e 
need and desires for cru tacean aq ua
foods as th ey were expres ed in the 
markets of the world for the pa t 
decade or o. and also as we can 
project the demand into the near and 
distant future . 

Of the 69 million metric to n total 
world fisherie catch in 1970, approxi
mately 1.6 million ton were crusta
ceans (Food and Agriculture Organi
zation of the United Nations, 197 Ia). 
Of the cru tacean harvested, over 
52 percent entered int world com
merce. wherea omewhat Ie s than 

ne-third of the fresh and frozen 
finfish were traded in world markets . 
The mean landed va lue per pound 
of crustaceans wa approximately five 
time that of finfi h (Food and Agri 
culture Orga-nization of the nited 

at ion , 197 I b). 
The world catch of cru taceans 

genera ll y has not kept pace with de
mand over the last decade . The .S. 
supply of north ern lobster and of 
crab ha actua ll y declined over thi 
period , and the supply of spin lob-
lers ha increa ed relatively little 

and is now a t only 54 millIOn lb . 
The .S. landin gs of American lob-

ters have been relatively con tant 
o er the pa t few decade at appr xi
mately 30 million Ib , but ver the 
past decade imports have declined 
becau e of the limited catch and the 
competition for the upply. The uppl] 
of crabs in the .S. market is al 0 

ser iously con trained . 
The commercial hrimp traV\-ling 

indu try ha realized con iderable 
gr wth in the pa t 2 de ade. in 
large part a a con equence of an 
apparentl insatiable market demand 
for cru tacean aquafood in the de
veloped market of Europe. orth 

merica . and Japan . Thi demand 
has supported and ju titled a conlln
uing earch for ne\.". prc\iou I) un
e\.ploited V\-ild p pulations of hrimp 
and pra\\.n in the \\orld 's ocean~. 

a well a a com men urate effort t 1 
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i m pr e fi h II1g efficle nc) b) the dc-
ign and dc\ lopmen t of I mpn \ cd 

detection method and catchIng gear 
H owever. the ~Ignilicant ~u Ce~ 111 

increasing the cat h ear after )ear. 
has n t kept up WIth the market 
demanu. and conequentl) the elbnlo! 
price for shrimp in the de\elopeu 
world ha resp nded WIth mounting 
ann u al increa e . In thc nited tatc~ . 

shrimp o ld at 1.05 per Ib a t retaJi 
in 1960, wherea bi 1972 th e mean 
selling price wa. 1.87 per lb . The 

nited State demand ha\ II1crea~ed 

a t a rate of approximately 6 percent 
per year. far e\.ceeding th e rate ot 
popUlation growth. 0 that the per 
capita con umption ha ' appro\'ll1latel~ 
doubled , from about I to 2 Ib o\er 
the la t decade . \\hil e at the same lime 
price has al incr ased 6 percent. 
Roedel (1973) predicted that the 
hrimp bu ine s would be a t I billIon 

at retail in 1973. Over the same pe
riod . the native hrimpin g 
gr unds have been unabl c to ustaln 
commen urate production. Therefore. 
the supply ha had to be upplementcu 
by imp rt. which in 1972 \\ere 'i2 
percent of the 488 million Ib ~upp" 
(An ny mou . 1973). 

leary (1970) has estImated that 
hrimp harve ts will Ie el off V\-Ithin 

thi del.ade. and that uemanu 
will exceed th e w rid uppl) b) 19 0 
if we depenu on the wJld re~ urLe 
At pre ent the U. . market alone 
account for 1. 1 millIon Ib of ~hnmp 
a day . 

There ha al 0 been a con Iderable 
increase in c mpetitJon for thc V\- rlu 
upply of hrimps and praV\-ns O'er 

the pa t feV\- )ear . The and 
Japan now account for hall 01 the 
V\-orld con umptlon . The uropean 
Common Market \\hlch h~ a com
bined population higher than that l j 

the nited tates I begll1ll1ng to 
compete \ Igorousl) V\-Ith the nlleu 
State anu Japan for the alread) bm 
ited world uppl~ . 

onetheles~. a long a the hIgh 
demand and selling price lor hnmp, 
and pra\\ n contll1uc ll' InLrca,e . 
there \\ill be a trong C on o nlle mo
ti" allon to dey clop a urplcmcntal 
our e to the tra\\ ler-caught t~ ck 

mancultural ) tem tor rcanng 
these .1111 mal 111 larg<2' nurnher may 
pro\ ide a mcchalll m t( accompli h 
this end . 8) the appll~atll n of und 



animal husbandry practi ces, we may 
expect to achi eve an a sura nce fo r a 
reasonably con ta nt yea r-roun d u p
ply, th us freei ng th e market from 
the vici situde of a hu nted re ource. 

ince a large portion of the world 
hrimp ca tch comes from tropica l 

waters bordering on the sho re of 
the deve loping cou ntrie of La tin 
America. Africa, and A ia, and the 
major market are for the mo t part 
in the developed countrie of the 
northern latitude, an important con
tribution to a favorable foreign ex
change balance i achieved by many 
developing countries in the American 
tropic . 

CULTURE TECHNOLOGY 
There exi ts new fundamen tal 

knowledge in aquatic biology, and an 
advanced comprehen ion of ome of 
the interactions of the complex fac
tors which contribute to ucce ful 
high-inten ity farm culture of pe
naeid ( aline water) hrimp and mac
robrachian (fre hwater) hrimp. We 
at Bi I ndustries Development Com
panyl have contributed to, and are 
in command of. thi curren t aquatic 
animal husbandry tech nology and 
are now in a position to attempt to 
optimIze the system in order to achieve 
a level of efficiency to en ure a 
profitable economic enterpri e . 

An e sential component of the new 
technology i larviculture to produce 
eed shri mp for the stocki ng of nur

sery facilities . The staff of Bio l n
du tries . led by Durbin C. Tabb, has 
made important contributions to the 
development of this technology (Tabb. 
Yang, Hirono, and Heinen, 1972). 
A hatchery facility i required in 
which gravid (egg-bearing) females, 
procured from the commercia l t rawler 
fleet . are Induced to spawn in large 
tank . The resulting larvae are reared 
through the everal tage of larval 
growth on appropriate feed th at are 
cultured for the purpo e, and environ
mental conditions such as water tem
perature. salinity. and light are criti
cally managed to ensure high survival 
and growth rate . 

The grow-out technique that we 
have developed involve a two-step 
proce s. Fir t , po tlarval hrimp are 

I Menllon of trade names does not imply 
commercial endor ement by the ational 
Manne Fi heries Service. NOAA. 

tocked in mall nur e ry pool o r 
ta nk a nd grown in very hi gh po pul a
ti o n densiti es. Intensive management 
practice provide th a t wa ter qu alit y 
and ot her en iro n me nta l conditi o n 
In the nur ery a re ma int a in ed a 
close to optimum a i practi ca bl e. 

ince each ind iv idu al is ex tre mely 
ma ll at th i li fe stage, th e ra ti o of 

biomass per u nit wa ter vo lu me is 
qu ite low, a nd therefo re th e problem 

f u tai n ing a high-q uality cu ltu ra l 
environment are thereb reduced. 
The young. when fed appr priately. 
can be grow n t about 2-3 g each in 
45-60 day at the high stocking den-
ity maintained in the nur ery, but at 

that ize they mu t be th in ned ou t. 
T hey are the n stocked a t the ra te of 
a t lea t 20.000 per acre into the fina l 
10-acre grow-out pond. and fed 
natura l feed and upplemen tal for
mulated rations until they ha e reached 
market ize in about 90 day. 

tocking den ity. feeding rate. 
predator and competitor control. di -
ea e and parasite management. and 
pond engineering and management 
have all been tudied inten ively by 
our staff a critical component of a 
to tal y tem. We have ati factory 
empirical evidence that the e matter 
are now amenable to practicable man
agement control (Webber. 1970). 

Variou harvesting methods have 
al 0 been tudied in grow-out faci litie 
of economic scale. and wi th matu re 
popu lati on of economic size. W e are 
confident now tha t har e ting tech
niq ue o r costs wi ll not be a lim it ing 
economic fac tor, a lthough we can 
anti cipate fu rt her improvements and 
red uced cost over o ur pre ent proven 
procedures. 

SITING THE ENTERPRISE 

The many con ide rat io ns wh ich 
impo e themselves o n the electi o n 
proces for locatin g a n aqu aculture 
ve nture a re d i cus ed generi ca ll y by 
Webber ( 1972). In th e pecific case 
of a hrimp aqu a farm ing venture be
ing considered here. cert a in pri o ri ti e 
of a specia li zed con idera ti o n have 
been assig ned to the cr ite ri a fo r ite 
selecti o n . The j ud gment empl oyed in 
weigh ing th e c rit eri a i a consequence 
of considerable ex pe ri e nce and unde r-
tandi ng gained from our continu ing 

effort to e ta bli h a n econo mi c shrim p 
cu lture ys tem in Ce ntra l Am erica. 
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Ba ed upo n th e high vi ibility re
fl ected in dema nd o f th e penaeid 
shrim p in wo rld comme rce, a nd th e 
con eq uent cert ai nt y of the acce pt 
ance of thi pr duce in the major 
marke tpl ace of th e world , we h ave 
pl aced our emph a i in thi ve nture 
tu dy o n t he marin e hrimp pecie 
f th e ge nus PellaeLl~. Thi emph a is 

the n d ic ta te th at th e aqu afarm ite 
mu t be upp lied wi th a n abu nda nce 
of h igh q ua lity sa line water. T hu 
we are c nfined to a q ue t fo r a 
coasta l zone ite. 

O n th e other hand, a rapid ly grow
ing technology ha now ma tured for 
the cu ltu re of fre hwater hrimp of 
th gen u Macrohrachilllll (Fuj i mura 
a nd Okamoto, 1970). Bi o I nd ustr ie 
Devel pment ompany has been con
tribu t ing for everal yea r to thi 
devel pment and ha grown ou t MlIc
rohrachilllll in H ondura . Thi aq ua
fo d ha not yet achieved ignificance 
in world trade. and i no t yet caught 
from the wild or prod uced in cu lture 
in large quant i tie . However. macro
brachian hrimp are highly prized 
and comma nd h igh price as specialty 
aquafood a nd. when avail able. com
pete fa orably in the market with the 
penaeid . 

Becau e of the advanced tate of 
the cu lture tec hn ology, market ac
ceptability. and the apparent fa vor
able economic. we ha ll incorporate 
a con iderat ion of Mlicrobrachilllll 
cu lture in to th i in ve tigatio n . a l
though in the economy of time we 
ha ll c n ider it econdar il y to th e 

penaeid culture ve nture. o nethele s. 
the ite e lecti on dema nd of a mac
robrachi a n aqu afarm have been incor
po ra ted into our a signment of pri 
ontl e of c riteria fo r a penaeid 
aqu afarm. 

T here a re cert ai n econo mi e th at 
can be rea li zed fro m a dual far min g 
ve nture. Fo r exa mpl e: wh erea th e 
penae id grow-out faciliti es mu t con
tain sa line water a nd the macro
brachi a n culture po nds require fresh
wa ter . th e sa me hatche ry fac iliti es 
ca n be utili zed fo r both , in ce th e 
macro brachi an pawning a nd la rvi
culture require a bracki h water 
envi ro nme nt. a linit y control in th e 
ha tchery must be preci e and thus 
provide fo r a range of level . Thu , 
a ha tche ry located o n a n e tu ary th at 

u bject to hi gh tidal flu shin g. but 



i., ~omewh a l in l ~nd Irolll the ,eacoa<;( 

w here gootl n a d acce,.,. power, lahor. 

c1c. ma, be a lUall } m re read Jl ) 

ava il a hl e th a n If th e h a tc hery were 

loca led m th e ea~h l rc it,e lf. au ld 

serve b Ih up, l rt:am m<lcwhra hl a n 

ponu~ a nu p e nac iu ponds localed on 
Ihe lid a l fl a h . 

A sin gk feeu fo r m ul l ing a nd m ix

in g facilil m ay well ~er e hoth sys

lem~ o f c ullure. o m mo n feeu . I rage 
a nu hulk tr a nspo rt could be u,>ed . 

imil a rl y. ne pro e,>, in g pl anl could 

ha nul e the pro uu c l io n o f bo th farm 

comp le 'es o n esse nll a ll Ih e ~ame 

equipme nt a nu w ith Ih e sa m e la bor. 

Fin a lly. hav in g va ri o u~ produ c t fo rm s 

fro m bo th gene ra o f s hrimps coulu 

ext e nd th e pro du c t lin e a nu thu 
pro vide g rea te r Ie e rage in th e m a r 

ke ts to e rve a m o re compreh en ~i e 

m a rk t tra tegy. 

Pe n a id s hrimp as a genus a re 
gen e ra )) fo und in w a rm wa te rs. Th e 

a re frequ e ntl y captureu in th e te mpe r

at e zo ne: ho wever . thi s la ll e r ca t h 

is limit eu t th e few summe r m o nth 

wht:n w a te r te mpe rature e ceed 20 0 

- ve n th e a -t of Ih e ul f 

o f M ex ico, w ilh it vas t hrimp p ["lu 

la ti o ns, h ' winl er wale r te mp ra lu re 

th a i ~ r to I w fo r h o re- based c ul( u re 

le m '. Th e pecie o f hr im p th a t 
we h a e fo und m os i pro mi in g fo r 

cullure arc fo un d in com me rc ia l 

qu a nti ti e o nl In t ropi cal w a le r . 
M azatl a n , t e xi co, a m ajor shrim p 

po ri o n Ih e P ac ific oa t w hi ' h iii 

a lmos l on Ihe T rop ic of a ncer. is 

ab ut th e n rth e rn li mi t of Ih t: P acific 
whil e ' hr imp specie: up n \ h ich \\ ' 

h ave e le leu to concent ra le our 

en r t -. W e iew the Tropic r an er 
a th e n o rt hern limit wi lhin \\ hic h 

we a n o p e ra tc a h rimp aquafarm. 
he Tr )pic of apricl rn dcfin.:~ Ihe 

'outh e rn lim it \~ i tltln w hich ccc n 1ml 
::.hr imp aquafarming f11:l) be pr:l

t i e Li . not h .:r \\ a \ [1 haraetcrize 
thi \\ ater tcmpcralllrc dependencc is 

b~ the tcm r eratur.: rangc \, Ilhin 
\\h ic h Ihe Ir1plcal ~pCCle, of hnmp' 
g ro \\ \\ el l \ c an. lor our rre,cnt 
pu qw,e" ,d t hc limits at 24-32 ( , 

~cd.ing thc 2~ optimum mcan 

temperature 
P ho!l1pail1d I an adLlIlH10ai IC

n1lkalll ch.lraclcfl ·tlC" 11 thc Irt'PI .II 

en" r,'nment \1 hleh \\ l' kd h,I' a 
~tr,'nc Influence 'n Ihc ph\ 'll1h'g\ 
.lnd 10 thc beh. \11'r lI" Ir 'PIC I re-

naellh. Length I da~ an ma(cnall~ 

influc n e the rcpr duclI\e c~c1c. and 

,ince Ihl' mailer" t mUJor conccrn 

u~, wc fed that If \l\e arc III '1'''' 
tr p lcal ~pc Ie, Ihc~ an hc,t hc man

ageu withIn the tropIcal Lone . 

Light Intcn~il)- and qualll~ . a, \,e1l 

alo th e tNal s lar cnerg~ Impingement. 

arc e I remcl~ Important Inllu.:n e' 
o n primary pr ductl\oilj . In the en

vironment'> which \l\e e\peci t) man

age. the,e actor arc m,lsl cruc"tI 

cc I lgica l c ntrihulN. I the natural 

nu tfltion I ~upp rl 0[" high uen\lI) 

popu la t i n ~, anu Ihe} wil l < pprcciabl) 

reduce produc l i)n COSI h> reduci ng 
the r Ii n o n formu l kU ra tion, 

th a i ma h ave to be purcha,>cu . H ere 

agai n Ih e n arrow annua l range ()f 
fl uc lu a l ion of Ih e cs~cnt l al n\lron

m e nI a l paramelers in the Ir pical 

la l ilude pro iuc th grC"IICr oppor

tun i lY to rea lize o lh er economic 
benefi t , such as continuou!> ,car

round p rod uc l ion by making \~i,c 

use of th e c resou rces . 

There fo re, a n importa nt h igh-prlor

it s il e decli o n criterion , which \\C 

fee l has to be ,alisfkd bcfore other' 

a re co n ide reu . i to locale the hrimp 

aqu afarm In Iropical walcr" . r he 
tro pi cal en ironment ,uitablc for 

c ullu re I' th e c1ecleo 'pccle, an o 

nearest 10 th e orth mencan mar

ket may be found on thc \\est eOJ t 

I' en t ra l merica . 

The Pacine oa t of entral men 
ca is exposed 10 c(ln~ldcrablc tl(jal 

fl uc tuation (from as much a, I fI feet 

in P anama to 9 feel In Puntarcna' 

in ~ta R i a, and about thc .. amc 
in a niOn . I ah aUnrl. rurlhef-
m reo in the ueep emba) ment ~)r the 

"e I oa t l r cntral mCrlca, Pan 
ama. oillmbia. anu t.cuad 1r (a re

gl 'n \1 hlch \\C ~hall IJenllf\ a "" Ilu
ole Am~nca'·l. "hleh I'rm ,u h 
hL)UIU, a, 'Oltl) Dul c, Gl,l!) '-IC, \ a 

olfl ren e J. Bahia oe Jlqulll'Cll , 
etc. there arc hall \\ -\\ .ltt;[ ,h,lf<: 

",hleh In ' l'mhlnall{ln \\lIh thl: hI 'h 

lIdc, re'1I11 In \lldt: Inkflldal /.( nc 

The,c COJ tal lldc 11.1" .lfC 'cncrall\ 
oecllplcLi h\ mangn'\c 1 h~'~' f<:
£1 n, make \cn attr,ldllC ... lIltur~· 

IlC' I 11'\\ Ing thr ugh Ihc <.: "Idc 
IntcftlJal 111.lngn"c "<Imp ,Ir.: man\ 
Irc,lm anJ f1\cr C;tfnlll_' Ih<: r<: h-

\lala run 'II Ir. m Ih~ 1<.:1'\ III h 
ralnlall th.1t c .. ur 111 the hi h 
1.lIn r.mgc' 'I L (1 Ihl: " 

CI; ter 
111.ln Il!e.thlc \1 ,tier 

o1ppr"rl I.tll' IllIUlI \.: 

or 'Imllar 1\1 

'tUUI<.'U Int..:n'l 
arL ,I \\\ cr gll1\\ Ill\! Ih.1I1 .. erl.lln I' ll 

Iii '.1,1 'peCIC' ,,1 "hlle hnrnl 
,uch a, I'. 1111, ((I "" /(/ II/,ll I' I \ I, 
1''',/1'1\ . .. no I' 1""""",(/ 

\ \ 'h erea, \\ l' III II 

(.kal III Impl'rtaIlCl' nil the '1'<':1.1<.:' 
,hrlm!, tl be eultureu. II I 11.'1 III 

ficlcnl aillnc In h.I\\: Id':11I111.:<I Ih(1ll 

and It:arned hl)\\ III r':.lr Ih<.·111 II I 

al,o Il11pnrl .lIl t Irofl1 .1 hU'll1e , I' 1111 

d \lCII In h.l\c rc.td, .ICC .. ·" (p Ilr' 
'>Iock, 01 the'': anll11,lI, 11<1111 the \1 lid 
\In(;l' \.Ie are n,'1 \el \hlc 10 U,I.lIl1 

Ilfle' nl hrond "'Inc~ .. III 1;,J(1II\ 11\ 

nlll \\C ha\e cnf111l1.lf1d l'\CI Ifll 

reprnuuetl\e c\dc nl pL·n.teld .. Ind 

can II1UU<.:C g.llllctngcn~ 'I' I pr .. hll 
tion ,)f egg' anu 'pl'rll1) ,II \\ III \\ e 

Il1U\t procure IlI1mlhc \\tld p,'pull 

lIOn .. , grJI III Icg '-h.:.trln· klll.de \I Itt 

~rl' carnlng 'permJt'lph"ll" 'r ilt 
Inched ["l.lCkCh l,1 'Pl'f1ll' ,h111111 

hnng them IntL1 ,10 dPp""I'rl.lt~ hUIl:h 
cr) laclllt\ . ,!flU Indlll:C IhCI11 t 
'pa'I n 1 h.: tcd,nl c,d .Ind l' I elf. 
<.:Icnc\ (1, Ihl\ ,tage III h ... lulturc 

,}'tcm " In large parI Inllll<:llll 
pr,' Il11lt\ ,)1 th.: h.ltt:ill'I II tilt: rI 

l,r a large ,hrlmp lI,hll1 I H<.:cI .• 1 \lcll 

a, the Cl)l pcralilln III 111 Ir \ I r 

uplaln'> 
I hI, re4llll.:l11cnt 1 I1I1H r\.:a 111\ 

\atl,lieLi ,111 the Pitl;ll ll ( ,) .. t \\her 

the I.lrgc I 
manlan. 

l'ntral 

lI,)n ,I' al: .. l" I 

Imp" c, n 
11<'11 I, 'r • 
T hI' 'cnll 

r<.:ad." 



wide region a long the P.lcifk 'oa~t 

of entra l meri a th cre i\ vcr' high 
rainfall, tlnd theref rc an abund,1I1cc 
lIt' fre h wa leI' ma) hc <\\ailahle Wllhlll 

a pract ical dii-tancl' l.1f a \cleCtcu 
penaeid fanll site, The l1eed Illr glllU 
qualit) fre ' h \\ uteI' fllr l1lal'fllhrad'lilll 
culture IS _uch that the hea\" l"l' III 
pc ticldes (011 a cotton larlll Illi 
111 lallce) might t:\cluuc lhc pl1\\lhillt\ 
l f fre~h\\.alcr shrimp eliituic 111 lh\.' 
area . he pre ence of oll)cidt:, In .111\ 
culture 1\ aters. frl1m \1 hatc\ er 'L1UI cc." 
l1fcour e,I11U t be <lHlllled 

Ha\ ing thu<, genenc,llh ddined 
the gellgraphieal. cllInatnlogll;a I. ml' 
teorol )gl al. anti lcean II )glenl Lrl
t ria a be1l1g bc~t ati.,licu In a trl pleal 
en\irOnmenL onJ ha\lng ,tI~o IIn
po ed on the ekctlOn pnKe"~ ccrt,lln 
m re spc ilie parameter, ,ul-h ", the 
requirement for high llual "lInplllLIde~ 

111 conjunction \\Ith c'l.ten,,,c Inkr
tidal hectaragc. a \~ ell ", the rCl.julrc
ment I'llr access t I gnll Id p(;Ilaeld 
female of lhe ap['lr pnate 'pecIc, 
we then rc conflned In Ollr ,careh 
for a ill' to the Paulk 1 \t, \ I 
Central mertca , P nama, Ollll11bla, 
amI Ecuador , t thlo, lllllc \\C art: 
not con idenng t\le'\le) oecau,e III 
the legal con tralllls impo cd 0\ lim
iting hrimp c\ploitation [ cnn['ler,l
live anI) , 

Findlllg atl fa tor> ecological eon
diti n , although eXlremeh important. 
will n 1 alone in ure the ~ucce ~ of 
the \enture . mong the man) other 
requirement whl h mu t be '>atl Iietl 
is the economic~ of bringing the 
prouuct to market ince we are c n
templating a large-volume pr du ri n 
f a frozen-food product. and \\ e 

anticipate hipping the product pri
marily to orth merican, J apane e. 
and European market, it I mo t 
likely that we will utilize modern 
refrigerated containerization tech
nique for oceangoing freight for 
hipping 1110 t of the pr ducti n. We 

can anticipate that on ly sma ll quan
tities of the fre h product will be 
airfreighted to di tan t market or Id 
in to domestic markets. 

Si nce the port servi ng the major 
sh ri mp ma r kets in th e U nit ed Sta tes 
are on the G ul f Coa, t and o n the 
ea tern eaboard and the rou tes to 
the E u ropean markets a re A t l a nt ic, 
a la rge po rti o n of o u r ocean fre ight 
llay pass thro ugh t he P anama Ca nal. 

I hCI dOl'. on the ba,i, 01 ncean'IlIng 

Il'an,p ll'.tlion " I \1\1e , pi \l 1I11 lt \ 'I 
the P ,lI1<lIl1.\ (anal " all .1 kli llonal 
"II.' "l'k'el i 1I1 Cllt~'II(l1l 1\ hlch \\ (. ,hnuld 
<:l11l"UCI I hell' 1\, IlI1 Ihl' 11th 'I hand 
<I gl\lwlng fll.lUICC III tlud.1I1g Ih 
I rill 'n, pad"l/;:cd flilldlici IlH'II,md 
I I (,Iflbhean j111rh ,ul.i! ,I' P Ul'IIn 

lI "rrll1\ III 'll,ltel1!al.!, <I, I II1l1l11 III 
(11,[.1 RilL! (,fI"', \97 \) \ c Ie\. 

ngnlh' lh"t the '''p.lIll'',e .Ill I plhcr 
dl'\dllP'd \'I,ln l11.nkeh .111.' (;411.illl 
a<:('c,,,111o: Irom .111\ 01 the P.Il:tfll: 

,Ia't Llunlflc, (II \11Idh; \rlllll<.:.1 
\\'htle I ell.ld,lr (lll.1111111.1 1I1d 1',111 

.11ll.1 .Irl' .til 'lglltlh:,lI1t l p"/I .. I' III 
rcn,leid ,hnll1p' tn Ihl' l \ 1I1Mt..el 
,md h,I\C \Cr\ ,lllr,ll.:Il\e. U .. OI"!!I\.,llh 
1.1\ PI ,Ihk "Il:' , \\ l' h.1 \ l' dl'lkd t, I 
n:k ',Ill: lhe'c I...lunlne, III ,1 ",;(IIllI.lr, 

eon'Idel.llIllI' al Ih" IlIlll' ellhd hc
Call'.c '\e fin I Ihl'lr 11'11111<.:.11 111t1 \11t:I.d 
dlm,ltc, Ie, 'WI,laltlln ,'r hl'<.:.lll c 
\\c ,Ir ... Ie, 1.1l11l11.tr \\Ith thcm Ih.1f) 

\\ C dr~ \\ Ilh ccrtuln { cnll "I \llkrlCdll 

ll111 n t n l" 

IlhllUgh Bini ndll'trte, De' c!"p 
nll'nt • I 111 p.ltl \ hil' had r~'a'(\n"hlc 

c\ pt:rtel1\;l' , und ,1,11 h.l' .In 1111"'1 C I 
In an .Iljlldeliitural (,U In~ , III Hnn

dllr.I'. \\ t: lind Ihe Pllltilcal dnd ... (',)
nllmlC 1'1,1.;, IL1ll uncertalll 1(1 )11'111\ 
ilHc,tmcnt ill Ih" IlIlle lurlh~rml1rc . 

Ht nJura\ ha\ iI \er} 11I11II1;J P.tullc 
l'a ... t ,h )rellnc In Ihl: I\llf,' I In-

'>CC<l and nl ~Ignllil"Hll H lflJur<ln
ha etl PaCific ,1<1,t \hnmp ,,,hen 

anti on equenth nl' ['Ill rt lacllill'" 
there. Thu\, there w\luld tI ... \en lim
Iteu ac c t 1 gra\Id temak, Ifllm 
eommer lal tra\\ler tlcel\ Thl' lea\c, 
the countnes)1 hta RI a and 1:-1 

ahalior a,> the acceplahle canuluate, 
B Ih I all aJor and llSla R lea 

are in reasonaoly ,>ccurc eCl nomic 
po ilion!>, although \uch maller l1uc
tuate , B th countries are ['Illlticall) 
tabl at thi time. 0 ta Rica espe-

clall) ha a I ng histor) or tlem -
crotic governmen t , and ha a large 
Ill iddle cia w ith con iuerab le pur
cha ing per: 0 t< R ic n have 
the large t per cap it a income in 
Cen t ra l me ri ca. 

T hi re la t i e a ffl uc nce re flected 
in the hi g he r labor co t in C ta 
Ri ca, re la ti ve to o th e r untri es of 

e ntr a l Ame ri ca, but it i ge nc ra ll y 
he ld wide l th a t la bo r pr du ctivit y 
t he re mo re th a n compe n a te fo r th e 
li ghtl y in c rea ed co t . Th e Co ta 
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R IL:itl1 I l1vc~t\lI" ( , IIIUC ( IHlll)lIl<lll~. 

lin'), qUll l e .. Il1lfllll1UJII ".Ige, Ih ... 1 

"rl' 1.".Hilhk 1(1 .1 Ilhor Int II~I" 

hU'''I<':'' 

III I I ...... 1\.1(1111. \~h ... rc 1.lhm I .. 

"tid til h~ \ t:{\ l',I~" I (,IIIJ.,b/c ,tilt! 
hi ,hi \ prlldlll.;t 1\ c. '''1111' 1\ plCill 14 h( r 
I.llc<; II.!['Ioltcd h\ In,,111 ( In tillite 

S,lh"dllldl.l tI ... I (Im:nlll IndUSIII.II) 
IIl!!,,;,llc IIt.lt 1I1"ktllt:d I,hllr ,1\ I.! II 

.1\ Ihc t..dlcd" 'r ... 1 vdlll:h"c .... ould 
cl11pl,,\ . .tIt: p.l1d .11 ratc; tit &I "III 

". It hUi dc 11 ,I hU'''lC' (II h<.: I <':I1n\ltI

"'1,1111111\ 'lich .1 IIHC Imcllt IfRCn-
tl\" He \er '1111i1,r. nd th<:rc I 

nn 1I1Ip"rr.mt dtlkrco\;c hCI"eCI1 Ihe 
\Hl t:"IHlIflc \\ c h.l\e lund th.I' 

tht: (enll.tI \rnCrl1.:81l Ii.ln '"r 1 ,
rhlllllt: IIllc'r.ltll 1 \\hl<.:h I the tic d

,\ (lull! I"" 1.,\ oro1hl, 
<.:lIltllrl' \cnllJrl,; In ( l I 

I I "i 11\,\(I"r 

cnHal 

,in n ,1c..jU.I

RII..,I ntl/lJr 

r h~'rd 'fe lIr 111,;-'\ I.:",\lon Ilcld 
~tllJ\ 111.1 bc IUTlIted 10 Itl P I III 
( ,1.1'" "I (, 11 RII.:.1 und I I \"h .. unr. 
.Ind l!<:nerall\ 'hlluhl be ~'m n... It 

\\ h.lt \\ I,; ud'l,; III be <In ppr 'pnJIC 
f .. d,U' til th~' malor hnmp rWrI In 

""jeh .... 'untn In I I •• h.Ju,'r. \\1.' mil 
In\e tlcatc thc man'r.>\e ll\crt:d 
Intcfoll.1i II nt: arl unu the p lfl 

I I rflurnl,' \ hert: mlC tJ ,hnmp 

tr.f\\ il:r ,Ife o,I'cd anu rcgul.HI\ onn..' 
their Catdl t,l lx' prl cc eu .Intl ~hlppcJ_ 

In l"'''' RI,-" the rcg/lln arlunJ thc 
pl1rl lit Puntarenol, pnl\IJc the m, t 
.lltraCtl\l po Ibtlltl~' , 

BUSINESS PLAN 

The plan prc'\cllletl nel1\\ I prcdi
cateu on thc prenll c, n 1teJ i1t the 
)ut et )f thh prc~entallon 

I) Ihat thac C\lq un a!l~tietl, 
rcecpu\e rnart..el Illr the hlgh-\aluc 
prouuet ~(~l that \\ e pr l['llSe to pro
tlu e: 

:!) tha t the cllltllr tcChnlllog) i 
~urfi lenth' ad\ n ed to hie\e 
high prouucti\it}, and that "e have 
t hc "'n O\~ ledge and c \ penence to 
app l) t hl te hn log) 0 a to 
a h ie large-\ lu me, I \ -c I p ro
tlu t i 1n : and 

3) th a t we ha \ e be ome 
th roug h em pirical we ll 
r t ica l evide n e, o f th 
com p ne nt of a bu ine 
including th e impe ra ti ve 
f rite e le t io n , h a tc h ery a nd 
nu r e r m a nage m e nt. gr w ut , h a r
ves t in g and tra n po rt. proces in g a 
varie ty o f a ccept a bl pr du c t fo rm , 



mark etin g into HRI a nd consumer 
outl e t , a nd fi nance and agri bu i
ness ma nage ment. 

Ani ntegra ti o n o f th e above-no ted 
body of kn owledge into th e fo il w in g 
bus iness pl an con iders th e kn own a nd 
calcul a bl e ri sks and presents th e ex
pected rewards . A cons ide ra ti o n o f 
the ri sks to aquaculture ve nture ha 
been pre ent ed by W ebber (1 973) . 

We ha ll he re ta te . in rea ona bl y 
conserva ti ve te rm . our firm convic
ti o ns based o n ex peri ence a nd o ur 
reasona bl y assured expectati o ns based 
o n ca lcul ati o ns. as umpti o n , and 
ex tra po lati o ns. We intend to ide nti fy 
the base o f both cl asses o f conclu io ns . 

For th e purpose o f a venture a naly
sis we ha ll co ncentra te o ur e ffort 
on th e stud y o f a Cos ta Rican s it e . 
Thi decisio n d oe not exclude E I 
Sal vad or sites a potenti a l loca ti o n 
fo r perfo rmin g aqu aculture bu ines es . 
W e ha ve e lected to co nfine our in
vesti ga ti o n to th e coasta l regio ns 
within reasona bl e access to the po rt 
o f Puntarenas. Co ta Ri ca o n th e 
Gulf o f Nicoya . 

We have al 0 c ho en to confine 
our a ttenti o n to th e des ign of a busi
ness pl an for the culture o f marin e 
shrimp o f th e ge nus Penu el/ s. This 
aga in does not mea n th at we d o not 
ho ld in hi gh rega rd th e potenti a l fo r 
freshwate r shrimp culture bus in ess 
based o n the ge nu M ac rohrachilllll , 
but in th e econo my of our att enti on , 
time. and in vestment , we feel th a t it 
would be unwi e to consider both 
genera imulta neously. We are , ho w
ever. enthusiasti c a bout a sequenti a l 
a pproach which will bring a M ac ro
brachil/ l11 venture into being oon 
afte r the Pel1 ael/ s bu ine s ha moved 
through its ta rt -up ph a e . 

We recogni ze th at the re is consid 
erabl e commonalit between th e re
quirements for each. and we the refore 
have recogni zed th e potenti a l fo r th e 
additi o n of a econd ge nu . Thi 
co n idera ti o n has influenced our re
stri c ti o n of the it e e lecti o n to th e 
Punta rena region whe re upl an<;l fresh 
wat r and land re o urce appear to 
b fa ora bl e for mac rob rachia n cul 
ture . Such a culture ca n be integrated 
with th e feed . harve tin g , proce si ng. 
and marketin g ector f th e penaeid 
aqu afarmin g busine . In fac t . it wa 
be au e th e fre h waters o f the I 
Sal ado r it e o n th e Ba) o f J iquili co 

a re likely to be c nt a min ated wit h 
pesti c ide th at thi regio n i re lega ted 
to a e o ndary cho ice . 

The broad fri nge of th e ex ten i ve 
ma ngrove zone ha eve ra l ite ac
ces ibl e by road a nd with in ea y 
communi cati o n with th e po rt a nd 
o th e r ad va ntages f Punta rena . T he 
la ndward ed ge o f th e ma ngrove frin ge. 
whi c h is under government j ur i d ic 
ti o n, can be lea ed under a ti fact ry 
term of time a nd cost. Th e depth f 
the ma ngrove peat in thi s regio n has 
been o bserved to be in some ca e 
fro m 3 to -l- feet. and it i underla in 
with heavy blue cl ay. T he e edaphic 
conditi o n in a ocia ti o n wi th low 
la bo r co ts of th e regio n suggest th a t 
the co ( o f constructi o n of po nd levees 
will be low , a nd th erefore we have 
estimated $350 per ac re as th e capita l 
requi rement fo r the con truc ti o n of 
grow-out facilit ie . T hi s figu re incl udes 
sluiceway , ga tes , harvest sump . and 
dra in age canals . 

Alth o ugh we present thi s ventu re 
pl a n with a hi gh level of confi dence 
111 its po tenti a l ucce , and with 
hi gh level of assu rance th a t our a -
umptio ns a re reasona ble a nd wi e , 

we ad vocate a pil o t ope rati o n a th e 
initi a l phase of a de velopment. We 
emph a ize thi recommenda ti o n be
cause it has been th e exper ience o f 
most agribus in es th at techno logy 
tra nsfer cannot be made read il y fro m 
o ne ecologica l ite to a noth er witho ut 
con idera bl e ada pta ti o n of those com 
po nent of the ys tem wh ich a re ite 
sens iti ve . T he effects of water qu al
iti e . meteorological varia ble . and 
othe r envi ronmental in fl uence o n 
natural produc ti it y. a well a th e 
socia l, po litica l, and c ultu ral vari a bl e 
tha t in fl uence the way bu ines can 
be conducted in a give n environ
ment , ca n best be d ete rmi ned a nd 
under tood empiri ca ll y. 

We the refore recommend th a t a 
pil ot producti o n fa rm , plus th e up 
po rtin g faciliti e . be operated fo r a 
ufficie nt pe ri od of t ime to prove 

(te t) the techn ica l a nd econo mic a -
pect o f a propo ed pl an. W e can 
anti ci pa te th at a pi lo t o r ta rt -up 
peri od may requ ire 18-24 mo. It 
h ul d be recogni zed tha t thi fi r t

phase period i not a re ea rch and 
development effo rt . but i primari l 
a tria l of a n e\ i tin g techno log) he
ing applied to a nev. emironment 
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Wherea v. e ma) e\pe t additi o nal 
in fo rm ati n to a c rue fro m t hI'; C -

pe ri encc whic h will enable a cI r 
approach to optimi zatl In . th e prtmal') 
purpo e o f a pil o t pe ri od I ~ to ge ner
a te engin eerin g a nd o pe ra tin g da ta 
wi th in th e pecinc en iro nment to 
ena ble a n eco no mic a nd practical 
scale-up f the y tem t full produc
ti o n. H owe e r. In we ma) ex pect 
a 90-d a) gro -out pe n od . o ne ma) 
ach ieve a harve t during th e fi rst 
year . If thi s ha rve t confi rm th ~

sumptio n , o ne may con ider thi s t 
provide u ffici ent engineenn g and 
o pera t ing da ta to suppo rt th e decl-
ion to proceed toward full - ca le 

produc tio n pro mptl y . 
A lter na ti vely, o ne may e lect to 

acco mpli h severa l add iti ona l ha r e ts 
befo re cale-up . but it is our jud gmenL 
tha t th e checkpo i nt need not be de
ferred bey nd 24 mo aft er day ne . 

It i ur be t judgment a t thi tim e. 
based u pon our previo u ex pe ri ence 
in the manageme nt o f aqua fa rm and 
ou r u nder tandi ng o f the ta k. to hI: 
perfo rm ed , tha t a m du lar farm 01 

a bout 200 acre repre cnt a untl 
whi ch ca n be ma naged b a compe
tent farm fore ma n a nd a crew of 
labo rers. Thi concept of a module 
ho uld be facto red int o a plan. and 

may be j ud ged t represent a second 
checkpo int o n th e tim e/~ l ze scale. 
Wh erea thi ize i di c tated b) man 
agement -la bo r. feed torage. harvest
ing. etc .. it doe not pr ve to be 0 1 

uffi ient ize to be ec n mica ll y 
viab le fo r an in e tmenL program . It 
coul d. however , be a very good size 
fo r a in gle owner-ma nage r pe rat lo n 
if it were properl u pported v.i th 
j uve nil e fo r tock. ing. feed . and other 
such c riti ca l inputs . W e ma k. e refer
ence to thi s malle r he re pri mard) to 

indi cate a la nd un it that hould have 
uffic ient p roduct ion to Ju~tif) a cnn
idera ti n for it epa rate eX I ten e 

By thi v. e mea n tha t even though 
we are advoc tin g here an aquafarm
in g venture th a t v.dl ultl matel) uttille 
2.000 acre of ".ater for prl)du tilln . 
vve are a) II1 g t hat the e need not he 
c nL igu u acre . bUI can hI! de\el()ped 
in separate 111 remcnh (11 about 20() 

ac re each s long a Ihe,e separatl.' 
farm" are \\ Ithln an arrrl1pnate ra
diu (11 h(lth a farm headquarter 
"hlch can ... uppl) Ju\entJe It r ,I I l -

ing gro\\ -out pond . technical p no 



management backup , feed suppl e
ment , etc. and a proce ing plant 
which will prepare the product, they 
can be integrated into a y tem . 

We ha e concluded that three uch 
farms, or 600 acres of grow-out pro
duction. con titutes a uffici e nt bu i
ne s scale to tand alone as an i ndu -
tri a l entity. Thi will ge nerate uffici ent 
income to provide an acceptabl e return 
o n inve tment. H owever. a t thi 
point on the growt h cur ve of th e 
ente rprise, a mall proce ing pl ant 
I warranted . We propo e a labor
intensive proces ing operati n . 

Thi was done becau e we are 
con inced th at th ere are c n iderable 
economic adva ntages to be realized 
from a full y integrated enterpri e 
in which proce sing a nd marketing 
are operated concomi ta ntl and co
ordinated with production. 

W e have not at thi time i ola ted 
proce sing and marke ting a a eparat e 
profit center although thi can readil y 
be done. In a vertica ll y integrated. 
balanced y tem, it i axiomatic th at 
all major components hould be inti
mately coordinated a nd o perated at 
a flux-equilibrium if we a re to achi eve 
the advantage of optimiza ti on of the 
technical and economic ector of 
the ystem. I n order to achi eve thi 
condition we have carried our analysis 
to the 1,000- and 2,OOO-acre produc
tion scales . Thi wi ll provide an input 
into the processing plant, and ub-
equently into the market place, of a 

sufficient volume of product to a ll ow 
for optimization of the food processi ng 
tech nology and a sophistica ted mar
keting program. It i ant icipated that 
a high degree of proces in g efficiency 
can be achieved employi ng a wi e 
mix of hand labor and mechanization 
to enable efficiency, control of quality, 
versati lity in product fo rm , a nd a 
certain amount of socia l profit by 
the creation of jobs in a ociety havin g 
excess labor . 

Since we have not at thi time 
achieved optimization of th e ma ny 
influence on production co t ( uch a 
feed formu lation versu cost per pound 
of production; pond management to 
enable hi gh natural productivity so 
as to provi de low co t forage upo n 
which th e shrimp can grow without 
complete reliance o n formu lated ra
tion : reduced mortality by reductio n 

of environment a l tre , predation, dis
ea e, etc .) we cann ot ca tegori ca ll y tate 
yields and con ' cq uent co t . However, 
for the purpo'e of thi anal i we 
have elected to u e what we j ud ge 
to b a con ervati ve yield f 3,000 Ib 
per acre per year, which we have 
already achi eved. 

W e ex pect , after th e pilot pha e 
ha been c mp leted , to acquire uf
ficient additi ona l under tanding of th e 
performance of th e tem In itu to 
rea li ze hi gher yield uch a 3,500 r 
-+,000 Ib per ac re per yea r . 

imi la rl y, we ha e u ed a feed con-
er ion ratio of 2.5: I a nd a co t per 

pound of formulated pelletized rati o n 
of 14 cent lib. W e j ud ge th e e to be 
very conservati e figure . 

The pro pect f th e e tabli hment 
f a large number f ucce ful cru -

tacean aqu afarm in the 1 iddle A mer
ican co tal and fre hwater en Iro n
ment within th c nex t few year i 
not very great. On one hand the hi gh 
capi tal in e tment required to e tab
Ii h the re onabl large- cale faci l
iti e needed to be econ mic and the 
limited nu mber of ite that ca n pro
vide favorable competiti ve advantage, 
on the other, wi ll in my judgement. 
cu rt ai l the number of profi table un
dertakings . Furthermore. the level 
of bu ine s management ophi stica
ti o n and technica l kn ow-how wil l con
fi ne uch activitie to a very few. 

One mechani 01 to achieve the 
ad va ntages of economic cale, while 
at th e ame time enli stin g the involve
ment of a large number of mall 
la ndho lders, may be through farm 
cooperative organi zation which can 
provide technical as i tance and en
gi neering guidance for pond de ign 
and con tructi on as well as coordinate 
the function of juvenile productio n 
for stockin g privately owned grow-out 
faci liti e , feed production a nd di stri
bution~ and eve n a custom harvesting 
service . 

A lt ern atively, a private enterpri e 
organization can prov ide the ervice 
that can be provided by the coopera
ti ve noted above to indi vidual mall 
sca le farmer and can justify it effo rts 
by contracting for the producti o n to 
be processed and marketed from a 

central facility . Thi would a llow th e 
as oc ia ted gr wer t operate indi vid
ua l farm , which would make th em, 
in effect , corre la ti ve wit h cap t ain~ of 
privatel y wned trawlers elling their 
catch to a centra l proce si ng plant. 

Becau e of th e high production 
co t a nd the c mm en urate hi gh e ll 
ing price commanded by th e e hi gh-

alue product , crustacean aquacul ture 
in th e Middl e America i not likely 
to malo..e a ignificant contribution to 
freedom from hun ge r fo r tho e people 
in th e deve loping wor ld where di e tary 
protein deficiencie are preva len t. It 
may, howe er. make a ig nificant con
tribution t econom ic devel pment 
by ge nerating foreIgn e change, con
tributin g to grow th of infrastructure, 
and, 010 t importantly, by pro iding 
emp loyment in the rural ecto r of 
certain Middle merican 0 letie . 
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